propriate experimental conditions, each pair ofatoms can contribute coherently to the same final state, which gives a nonlinear phase shift proportional to the number of pairs of atoms, or NA2/2. Because NA can be on the order of this mechanism is expected to produce nonlinear phase shifts that are orders of magnitude larger than those from previous mechanisms. This is a quantum-mechanical effect that does not exist for macroscopic fields, and it cannot be derived using the usual assumption of nonlinear susceptibility coefficients. ' Both the real and imaginary parts of the nonlinear index of refraction have been measured in a preliminary series of experiments in a sodium vapor cell. Low-intensity coherent states were used in combination with highspeed detectors to select events in which one and only one photon of each frequency passed through the cell at approximately the same time. The nonlinear phase shift was measured using a polarization technique in which the presence of photon 1 could rotate the linear polarization of photon 2, which then passed through a polarizer oriented at 90" to its original polarization. As a result, photon 2 could only be detected if photon 1 passed through the cell at the same time (for a perfect analyzer). The preliminary results of such a phaseshift experiment are shown in Fig. 2 , which is a plot of the rate at which both photons were detected as a function of the difference in their arrival times at the detectors. A three standard deviation peak observed at zero time delay suggests that the presence or absence of photon 1 can control the polarization of photon 2, as expected. Measurements of the imaginary part of the index of refraction also showed evidence of nonlinear absorption when the two photons passed through the cell at the same time, as illustrated in Fig. 3 .
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Nonlinear phase shifts of this kind are expected to be of practical importance in an optical approach to quantum computing. This work was supported by ONR and NSA. cal hidden variables studied to date. First, the measurements considered have discrete outcomes, for example being measurements of spin or photon number. By this we mean specifically that the eigenvalues of the appropriate system hermitian operator, which represents the measurement in quantum mechanics, are discrete. Second, the measurements performed are intrinsically microscopic, in that one requires to clearly distinguish between results (eigenvalues) that are microscopically distinct, and which in almost all cases are performed on microscopic systems. In the photon-counting experiments used to date to test Bell's result, the results ofthe measurement are discrete and only microscopically different. Although there have been theoretical demonstrations of a contradiction with local hidden variables for multiphoton (or higher spin) systems, for which the system and range of results might be considered macroscopic, the violations are only indicated for measurements giving results that are discrete and microscopically (one-photon) separated. Other theoretical proposals have shown a contradiction of local realism for a quantum superposition of two macroscopically distinct states. However the proposed test of local realism is still only intrinsically microscopic, in that the measurement process must clearly resolve between microscopically different results in order to show a failure of local realism.
In this paper we show how the predictions of quantum mechanics for certain entangled quantum superpositions of coherent states are in disagreement with those of local hidden variable theories for a situation involving continuous quadrature phase amplitude ("position" and "momentum") measurements. By this we mean that the quantum predictions for the probability of obtaining results x andp for position and momentum (and various linear combinations of these coordinates) cannot be predicted by any local hidden variable theory. This is of fundamental interest since the 1935 argument of Einstein, Podolsky, and Rosen was given in terms of position and momentum measurements. The original state considered by Einstein, Podolsky, and Rosen, and that produced experimentally in the realization by Ou et al. of this argument, gives probability distributions for x and p completely compatible with a local hidden variable theory.
Second, we suggest that the quantum predictions where one uses optical homodyne detection to realize the quadrature phase amplitude measurement may allow for an incompatibility with local realism at a more macroscopic level than has been indicated previously. This method employs a second "localoscillator" field that combines with the original field to provide an amplification prior to photodetection. In these experiments, large field fluxes fall incident on highly efficient photodiode detectors, in dramatic contrast to the former photon-counting experiments. A microscopic resolution (in absolute terms) of this incident photon number is not necessary to obtain the violations with local hidden variables.
